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PLATE  53. 
The present communication embodies the  results  obtained  from 
a  study  of  venous  pulse,  heart  sound,  and  cardiographic  records 
obtained from seventeen men with normal hearts, and from venous 
pulse,  heart  sound,  and  carotid  records  from the  dog. 
Four series  of data  are summarized in  table  I,  as  follows:  (a) 
average of measurements of different features relating to the ven- 
ous pulse and the heart sounds in fifty cycles from sixteen individ- 
uals;  (b)  similar  data  from  thirty-six  cycles  in  one  individual; 
(c)  average  of  measurements  in  cardiac  cycles of  approximately 
the same length in thirteen individuals;  (d)  averages showing the 
effect of  increase  in  pulse  rate  from  exercise  in  one  individual. 
The  observations  included in  the  first  and  third  series were made 
upon  subjects  under  conditions  as  nearly as  possible  the  same  as 
regards quietness of surroundings and previous activity.  The sub- 
jects were medical students in good health and with normal hearts. 
The observations included in the second series were made at differ- 
ent times extending over a  period of about  six  months.  The sub- 
ject  was  a  healthy, vigorous  man,  a  laboratory assistant,  aged  31 
years, with a  normal heart.  The  same subject served  for the  ob- 
servations upon the effect produced by increase of pulse  rate  from 
exercise. 
The main objects in view in this work were three:  (I)  To obtain 
the average position of the first,  second, and third heart sounds on 
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the normal venous pulse, and the variations from this average posi- 
tion.  (2)  To  determine which waves and which intervals  on the 
venous pulse tend to preserve a  fixed position and which are most 
variable.  The first and second heart sounds were chosen as repre- 
senting definite occurrences in the cardiac cycle and as being con- 
stant  in  position  in  their  relation  to  these  occurrences.  (3)  To 
determine  which  features  of  the  venous  pulse  and  of  the  heart 
sound intervals tend to remain constant in duration with variations 
in  the length of the cardiac cycle, and  which show  a  tendency to 
be proportional to the length of the cycle. 
Methods.--The  heart  sounds  were  recorded by  the  method  of 
Ein.thoven (I).  A  funnel, placed over the apex region of the heart, 
was  connected by  means  of  a  rubber  tube  to  a  microphone.  A 
lateral branch of this  tube  near the  funnel was  left wide  open  in 
communication with the outer air to prevent the larger and slower 
movements of the chest wall, caused by the apex beat,  from affect- 
ing  the  microphone.  The  microphone  was  in  the  primary  cir- 
euit of a  smaU induction coil.  The  secondary circuit of this  coil 
was connected with an Einthoven thread galvanometer of the small 
electro-magnet  type  (Edelmann  model).  By  means  of  an  arc 
lamp and a  series of suitable  condensing lenses,  the thread of the 
galvanometer was projected on a  photographic registration appara- 
tus and the movements of the thread produced by the heart sounds 
were photographed on bromide paper or films.  A  delicate record- 
ing tambour connected with a  Mackenzie venous pulse transmitter 
and a tuning fork vibrating Ioo times per second, or a Jaquet chro- 
nograph  marking  one  fifth  second  intervals,  were  also  arranged 
to cast shadows on the slit of the photographie registration appara- 
tus.  The  registration  apparatus  was  provided  with  an  arrange- 
ment  for  producing eoSrdinates  on  the  record,  and  these  greatly 
facilitated the  determination of  incidence of  the  various  features 
on the record and of measurement of small differences in time. 
In  most  records,  the  speed  of  the  apparatus  was  so  regulated 
that one hundredth of a second was represented by a  space of from 
one  to  two  millimeters  (figures  I and  2).  The  latency  of  the 
thread  of  the  galvanometer  to  single  induction  shocks  and  the 
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were compared.  The difference in the latency of the two was  found 
to be  less than  0.oo2  of a  second,  and  no  corrections  were  made  in 
the  tables. 
Observations  were  all  made  with  the  subjects  in  the  recumbent 
posture.  In  all  cases,  immediately  following  the  completion  of 
the  venous  pulse  and  heart  sound  records,  and  without  allowing 
the  subject  to  move  or  change  his  position,  a  cardiogram  and 
venous  pulse  record  was  made  on  blackened  paper  for  the  purpose 
of  determining  transmission  time  and  for  comparison  of  the  posi- 
tion  of  the  cardiogram. 
In  the  dog,  the  heart  sounds  were  recorded  as  described  above. 
The  venous  pulse  tracings  were  obtained  by  the  use  of  the  venous 
pulse sounds  devised by Fredericq  (2),  which  were  introduced  into 
the  external  jugular  vein  and  passed  down  into  the  right  auricle. 
The  fenestrated  end  of  the  sound,  before  introduction  into  the 
auricle,  was  covered  with  a  section of  everted  vein,  with  its  endo- 
thelial surface  outward.  This procedure  makes  it possible to  leave 
the  sound  for  long  periods  of  time  in  the  auricle  without  the  for- 
mation  of  clots.  The  sound  was  connected  by  a  rubber  tube  with 
the same  recording tambour  used in man. 
Explanation  of  the  Tables.--In table I  are given averages and variations from 
full tables containing the measurements  from the venous  pulse and  heart  sound 
records.  The figures represent hundredths  of a  second, except in the percentage 
eolumns.  For  example,  19.2 is  to  be  read o.192 of  a  second.  In  the  first two 
series  of  data,  besides the  averages,  total variations  are  given.  These  figures 
represent the differences between the greatest and smallest value occurring in the 
full table from which the averages were obtained.  If we take, for example, the 
a-c  interval  in  the  first  series,  the  average  length  from  all  values  in  the  full 
table was  found to be o.192 of a  second,  while  the  shortest a-c  interval in  any 
of these cycles was 0.125, and the longest o.27 of a  second, making a total varia- 
tion  of  o.27-o.125  or o.145 of  a  second.  The  percentage  variation  of  the  a-c 
interval in  the  same series, 22.7,  does not  refer  to the actual average variation, 
but likewise is the difference between the highest and lowest percentage occurring 
in the full tables.  These percentages were obtained, in other words, not from the 
average length of the cardiac cycle given in table I, but from the  length of the 
particular cardiac cyele in  which  the  measurement  was  made.  Finally, it  is  to 
be  noted  that  there  is  not,  in  all  cases,  a  balance  between  the  figures  in  the 
tables, due to the  fact that  in the full tables a  few  measurements  were  omitted 
in the ease of eertain cycles, because /or one reason or another accurate measure- 
ment could not be made. 
The length of the cardiac cycle was determined by the time interval from the 
beginning of the first heart sound to the beginning of the first sound of the next 
cycle. ~  i  ,~o~; 
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In  most  venous  pulse  records,  the  c-wave  ends  a  considerable  period  of 
time  (o.Io  of  a  second,  or  more)  before  the  v-wave  begins,  and  between  the 
two  is  a  positive  wave,  which  in  some  cases  may  be  due  to  a  fling  of  the  re- 
cording  lever,  but  in  others  is  evidently a  definite  feature  of  the  cardiac  cycle. 
This wave in the nomenclature proposed by Bard  (3)  is designated as the t-wave, 
while  the v-wave  of  English and  American authors  is  designated  as  d.  In  cer- 
tain cases,  the t-wave  may be  a  very  small  wave  at  the  foot  of  the  descending 
limb of  the c-wave,  or,  as  described by Bard,  it may occur  later and the  separa- 
tion  from the v-  (or  d-)  wave may be indicated only by a  notch.  In  still other 
cases,  it  occurs  on  the  descending  limb  of  the  c-wave  (figure  2).  In  view 
of  the  uncertainty of  the  occurrence  and  character  of  this wave,  it  was  thought 
best  not  to  include  it  in  the  tables,  but  to  measure  the  length  of  the  c-wave 
and  the  c-v  interval.  The  length of  the  c-wave  includes  the  time  from  the be- 
ginning  of  the  wave  to  the  end  of  the  descending  limb.  It  includes,  therefore, 
the  positive  c-wave  and  a  part  of  the  negative  phase,  usually  designated  by  the 
letter  x. 
The  measurements  of  the  relation  of  the  venous  pulse  waves  to  the  heart 
sounds  refer  in  all  cases  to  the  beginning  of  the  sound  and  the  beginning  or 
crest of the wave, as stated.  The relations noted as uncorrected in the table have 
not been corrected  for transmission time.  The  plus  sign before  any figure  indi- 
cates  an  occurrence  after  the  feature  noted,  while  a  minus  sign  indicates  its 
occurrence  before  the  feature. 
Systole was measured as the interval between the beginning of the c-wave and 
the  beginning  of  the  second  heart  sound,  plus  the  period  of  transmission  of 
the venous pulse wave from the heart to the great veins of the neck.  Since trans- 
mission time was  determined as  the difference between the foot of  the ascending 
limb  of  the  cardiogram  and  the  c-wave  on  the  venous  pulse,  systole  represents, 
therefore,  in these measurements,  the time  from  the beginning of  the  apex  beat 
to  the second  heart sound.  The  reasons  for  accepting  this interval as  the  dura- 
tion  of  systole  will  be  discussed  later. 
Table  II  qonsists  of  averages  from  measurements  of  cardiographic  and 
venous  pulse,  and  carotid  and  venous  pulse  records,  obtained  from  the  same 
subjects  who  served as  the source of  data  in table I.  These  records  were  made 
to  obtain transmission time  in  the  individual  cases  and  to  furnish  data  for  the 
plotting of the cardiogram and carotid curves in the diagram of the cardiac cycle 
(figure  5). 
RESULTS. 
When corrected for transmission, the first heart sound begins, on 
an average, o.o31  of a  second before the c-wave, but it may begin as 
early  as  0.07  of  a  second  before,  or  it  may  be  coincident  with 
it.  The second heart sounds begins, in the majority of cases, when 
correction is made for transmission,  a  few hundredths of a  second 
after  the  beginning  of  the  v-wave.  Its  occurrence  has  been 
observed  as  early as o.045  of a  second before,  and  as  late as  o.15 
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therefore  usually,  but  not  always,  a  diastolic  event,  since  the  first 
part may be included in late systole.  The v-wave shows a  greater 
variation  in  its  relation  to  the  first  and  second  sounds  than  does 
the  c-wave to  these  sounds,  or  the  h-wave  to  the  third  sound.  It 
would seem to be the most inconstant  in position of any of the vari- 
ous pulse waves.  The third sound shows a  fairly constant  relation 
to  the  beginning  of  the  h-wave,  preceding  the  beginning  of  this 
wave in  the  majority  of  cases by a  few hundredths  of a  second. 1 
Of the various pulse intervals,  those that show the least variation 
in  different  cycles are  the  a-c,  c-v,  v-h,  and  h-x  intervals. 2  The 
v-a,  h-a,  and x-a  intervals,  on the  other  hand,  show marked  varia- 
tions.  In percentage  of the cardiac  cycle, the greatest  variation  is 
shown  by the  v-a  and  h-a  intervals,  which  is,  however,  less  than 
the  actual  variation.  On  the  other  hand,  the  a-c,  c-v,  and  v-h 
intervals,  and the length  of the c-wave, vary more in percentage  of 
the  total  cycle than  they  do  in  actual  measurement.  The  signifi- 
cance of  this  difference will be discussed later. 
The  first  heart  sound  has  an  average  duration  of  o.I28  of  a 
second.  The  shortest  recorded  was  0.065,  the  longest  o.I6  of  a 
second.  It  is  somewhat  longer  in  longer  cardiac  cycles,  largely 
due to its earlier  occurrence before the  c-wave.  The  second heart 
sound  averages  about  0.095  of  a  second.  The  shortest  recorded 
was 0.07, the longest o.I 3.  It likewise tends to be of greater dura- 
tion  the  longer the cardiac  cycle. 
The  third  sound  averages  0.036  of a  second  with  a  total  varia- 
tion  between  0.02  and  o.Io  of  a  second.  The  maximum  length 
reported occurred in only one case and is unusual;  the longest noted 
in any other individual  was 0.06 of a  second.  The  records do not 
indica.te  that  it  increases  in  length  with  increase  in  length  of  the 
cardiac  cycle,  as  is  the  case with  the  other  heart  sounds. 
Table  I  gives,  in  the  case  of  the  venous  pulse  intervals,  the 
heart  sound  intervals  and  the  relation  of systole and  diastole,  per- 
1 For literature on the third sound and h-wave, consult Hirschfelder (4),  Ein- 
thoven  (5),  Gibson  (6),  Thayer  (7),  and  Eyster  (8).  The  association between 
the h-wave and the third sound does not  seem to be as  noteworthy as  might be 
assumed from the above statement.  Our records show that either one may occur 
and  be  well  developed  in  the  absence  of  the  other. 
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centage  of the  total  cycle,  as  well as  actual  lengths,  and  the  total 
variation  of  both  percentage  and  actual  measurements.  These 
measurements were made in an attempt to determine,  by the data at 
hand,  which  of the  features  of the  cardiac  cycle tended  to  remain 
constant  and more or less independent  of the length  of the cardiac 
cycle,  and  which  of  the  features  were  most  affected  by  the  total 
length  of the  cycle.  It will be seen  from  the  table that  in certain 
cases there  is  a  greater  actual,  than  percentage  variation,  while  in 
other cases the reverse is true.  It will be well to discuss briefly the 
meaning  of this in relation  to the light  it throws on the data given 
above. 
Any feature  which  is  strictly proportional  to the  total  length  of 
the  cardiac  cycle shows  no  percentage  variation,  but  shows  actual 
variation  when  cycles of different  lengths  are  considered.  When, 
therefore,  percemage  variation  is  smaller  than  actual  variation, 
there  is  a  tendency to vary with  the  length  of  the  cycle and  to  be 
proportional  to  it.  On the  other hand,  when  percemage  variation 
is greater than actual variation,  the length of the feature tends to be 
a  fixed  one  and  independent,  to  a  greater  or  less  degree,  of  the 
length  of the cycle. 
If  we  examine  the  figures  given  for  the  actual  and  percentage 
variations  of the venous pulse intervals,  the  heart  sound  in¢ervals, 
and systole and  diastole  in the  first two series of data of the table, 
we may form  two groups,  as  follows: 
Group  I.  Group II. 
Percentage  variation smaller than  Percentage  variation greater  than 
actual variation  actual variation 
Venous pulse intervals  Venous pulse intervals 
V--El*  Ct--C 
h-a  c-v 
$;'-G  V--h 
Heart  sound interval  Heart  sound interval 
3d-Ist  Ist-2d 
Diastole  2d-3d 
Systole 
The  features  presented  in group  I,  therefore,  tend  to  vary with 
and  to be proportional  to  the total length  of the  cycle, while those 
in group II tend to be more constant  in length  and more independ- 
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In  a  consideration of the  data  presented  in  the  third  series  of 
figures, those  from thirteen individuals  in  which cardiac cycles of 
approximately  the  same  length  are  averaged  and  compared  with 
those  of  different  duration,  we  may  apply  a  similar  method  of 
reasoning.  If  we consider first systole  and  diastole,  we  find that 
the actual length of systole here increases with increase in length of 
the cardiac cycle, while the length  of systole  considered as  a  per- 
centage of  the cycle decreases as  the  cycle becomes longer.  Fur- 
thermore, the percentage change is greater than the actual change. 
Both of these  facts indicate the tendency of systole to remain con- 
stant  and  to  a  considerable  extent  independent  of  the  length  of 
the cycle.  In the case of diastole, there is both an actual and per- 
centage  increase  with  increase  in  the  length  of  the  cycle.  The 
percentage increase is much smaller than the actual increase.  Both 
of these facts seem ,to show the tendency to  variation in length of 
diastole with changes in length of the cardiac cycle.  Similar con- 
siderations applied to the other features of the third series of data 
will  result  in  the  formation of two  groups,  as  given above. 
From  this  series  of  data  we  find,  furthermore,  that  with  an 
increase in the length of the cardiac cycle there is:  (I)  the appear- 
ance  of  the  h-  and  x-waves;  (2)  no  noteworthy  change  in  the 
actual duration of the a-c,  c-v,  v-h,  and  h-x intervals,  and,  there- 
fore, a  percentage decrease in the case of each;  (3)  an increase in 
length of the v-a,  h-a,  and  x-a  interval with also a  percentage in- 
crease less  than  the  actual;  (4)  an  increase in  the length of  first 
and second sounds, mainly accounted for by an  earlier occurrence 
before the beginning and the crest of the c-wave;  (5)  an increase 
in the length of the first to second heart sound interval with a  per- 
centage  decrease  in  the  length  of  the  cycle;  (6)  an  increase  in 
both actual and percentage lengths of the third to first heart sound 
interval; and finally (7)  both an actual and percentage decrease of 
the length of the second to  third heart sound interval.  It  will be 
noted that the second to third heart sound interval differs markedly 
from the other two heart sound intervals in that with an increase in 
the length of the cycle, it shows not only a percentage decrease, but 
an actual decrease.  In this actual decrease it differs also, as will be 
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It would seem, indeed, to be a variable feature, dependent to a con- 
siderable  extent  on the length  of  the  cycle but varying  inversely 
with the other features of the cardiac cycle.  In other words, the 
longer the cycle, the shorter the second to third heart sound interval. 
We have no explanation of this fact; indeed our knowledge of the 
cause of the third sound is so meager as to make valueless any spec- 
ulation with regard to it.  The variations in length of systole and 
diastole have already been considered. 
The  effect  of  increase  in  pulse  rate  as  a  result  of  exercise  is 
shown  in  the  fourth  series  of  table  I.  With  an  increase  of  the 
pulse rate,  there is  a  disappearance of the h-wave,  and  a  marked 
increase in the a-c interval.  The c-v interval is shorter in the more 
rapid  pulse,  but  in  percentage  the  cycle  remains  fairly  constant. 
The c-wave is actually shorter while its percentage length is greater. 
Both the first and second heart sounds are of shorter duration in the 
more rapid pulse, the second sound being especially short, while the 
first sound begins a  shorter interval before the c-wave.  The third 
heart sound, on the other hand, is increased in duration and occurs 
earlier in the cardiac cycle, the second to third heart sound interval 
undergoing both actual and percentage shortening.  It will be noted 
that  this  is  exactly the reverse  condition of  that  which occurs  in 
cardiac cycles of different length occurring independently of exer- 
cise, while in the other features mentioned there is apparently com- 
plete  correspondence. 
The first to  second heart  sound interval  is  shorter in  the more 
rapid pulse,  while its  percentage length is  greater.  The  third  to 
first  heart  sound  interval  undergoes  both  actual  and  percentage 
shortening.  Systole is  shorter but  forms a  greater percentage of 
the cardiac cycle, while diastole is shorter both in actual length and 
in percentage. 
The Length of Systole  and Diastole.--The  determination of the 
length of systole and diastole and their relation to the total length 
of  the cardiac  cycle has  been  the  subject  of  numerous investiga- 
tions.  The methods employed have been mainly three : (I)  the in- 
terval from the beginning of the first to the beginning of the second 
heart sound (Derders,  Edgren, Einthoven and Geluk, and others) ; 
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arterial pulse curve (Thurston and others) ; and (3)  the interval be- 
tween the  foot  of the  ascending limb  of  the  cardiogram and  the 
beginning of the descending limb  (Hfirthle).  In regard to the first 
method, Hfirthle (9), and Einthoven and Geluk  (IO), have shown 
that at the apex the first sound begins a  considerable and variable 
period before the beginning of the cardiogram, and hence any use of 
such data as a source of determination of systole is open to this error. 
Both  the dicrotic elevation in the pulse  curve and  the  end of  the 
plateau of the cardiogram represent events which do  not  seem to 
be as fixed in position nor as exact in relation to the closure of the 
semilunar valves at  the end of systole,  as  the  sound produced by 
the closure of these valves; namely, the second heart sound.  For 
these  reasons,  systole  was  measured  in  the  present  work  as  the 
interval between the beginning of the  c-wave of the venous pulse 
and  the  beginning of the  second heart  sound,  plus  the  period  of 
transmission.  The latter  was  determined by measurement of the 
separation of the foot of the ascending limb of the cardiogram and 
the c-wave on simultaneous tracings of the venous pulse and apex 
beat.  It has been shown by Hfirthle  (9), by simultaneous records 
of intraventricular pressure and apex beat,  that  if care is  used  in 
interpreting cardiographic tracings,  the  actual  point  of beginning 
of rise of intraventricular pressure  (onset of systole) may be accu- 
rately placed.  Finally, Fredericq (2) has shown that the beginning 
of the  c-wave, when recorded  from the  auricle or  from the  vein 
(when correction for transmission of the  venous pulse  is  made), 
is exactly synchronous in its beginning with the foot of the ascend- 
ing limb of the curve of intraventrieular pressure. 
The exact meaning of systole has been considered differently by 
different investigators, and it is well to define at once what is  un- 
derstood in this case.  According to Hiirthle  (I I ),  it is the interval 
between the beginning of the  contraction of the ventricle and  the 
cessation of outflow from the ventricle.  The beginning of systole 
is indicated by the first rise of intraventricular pressure, the end by 
the  closure of the  semilunar valves.  More  accurately stated,  the 
end of systole corresponds with the instant at  which intraventric- 
ular and aortic pressures become equal.  The latter definition is the 
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systole includes the  period of  tension  (" Anspannungszeit"), the 
period of outflow, and a part, but not all of the period of detension 
(" Entspannungszeit "). 
The  data  given  in  the  table  indicate,  as  has  been  explained,  a 
point  which has been emphasized by most writers on the subject, 
the relative constancy in length of systole with variations in length 
of the cardiac cycle.  While somewhat longer in longer cycles, the 
increase in length is not sufficient tO maintain a constant percentage. 
Systole,  from  the  data  here  given,  forms  an  average  length  of 
about 36 per cent. of the total cycle.  In individuals with a  rapid 
heart, it may rise to over 38 per cent., or in slow hearts it may form 
only about 31  per cent. of the total cycle.  The shortest percentage 
noted  in  any  of  the  records  was  28  per  cent.,  the  longest  42.5 
per cent. 
VARIOUS  PULSE AND  HEART  SOUND  RECORDS  FROM  DOGS~ 
In  two  experiments,  records  were  obtained  from  dogs.  The 
venous heart sounds  were placed in the auricle, so  correction for 
transmission was not necessary.  Figure 3 shows two cycles of the 
venous pulse  and  heart sounds  in  a  dog.  The  third  sound  does 
not show in these cycles, but has been recorded a  number of times 
with a  slower heart rate.  All the records from dogs show a  con- 
siderable interval  (averaging about o.o  7 of a  second) between the 
beginning of the first heart sound and the c-wave, and since Fred- 
ericq  (2),  (I2)  has shown that the beginning of the c-wave in the 
auricle is exactly synchronous with the beginning of rise of intra- 
ventricular pressure,  it  is  evident that  the  first  sound  in  the  dog 
begins  a  considerable  time  before  the  beginning  of  ventricular 
systole. 
The  work  of  Fredericq  and  others  has  shown  the  essential 
agreement of the venous pulse in man and dog.  Measurements of 
the records obtained in the present work show a  fairly close cor- 
respondence to the measurements of the records obtained from man, 
with the main difference that the cardiac cycles obtained  from an 
anesthetized  dog  with  a  sound  in  the  auricle  are  usually  much 
shorter. 
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heart  sounds  in  dogs  without  anesthesia  or  operation,  the  rapid 
heart  rate  that  usually  results  from  the  introduction  of  a  sound 
into the  auricle being  avoided in  this  way.  Under  these  circum- 
stances,  the  third  sound  is  well  recorded,  and the  heart sound in- 
tervals approach closely the length observed in man.  _An example 
is given in figure 4. 
THE RELATION OF THE CARDIOGR~AM AND CAROTID TRACINGS TO TIIE 
HEART SOUNDS AND VENOUS PULSE. 
In  table  II  are  given averages  from measurements of the  rela- 
tion between the cardiogram and venous pulse and cardiogram and 
carotid tracings  from the same individuals who served as  subjects 
for the  other  records.  With  the  data  from  this  table  in  connec- 
tion  with  the  data  on  the  relation  between  the  heart  sounds  and 
venous pulse in  table  I,  we  may construct a  diagram  representing 
the  average  relations  of  these  features  of  the  cardiac  cycle. 
The  considerable  size  of  the  figures  in  the  columns  under  total 
variations in table I  indicates that in any individual case, however, 
there  may be  considerable variation in the  relative position of the 
various  venous  pulse  waves  from  the  average  relations.  The 
x-wave is not indicated in the diagram, because it is a wave which is 
present only in cardiac cycles considerably longer than the average. 
SUMMARY. 
This  investigation comprises  a  study of venous  pulse,  carotid, 
cardiographic, and heart sound records  from twenty-one men with 
normal hearts.  The heart sounds were recorded by the method of 
Einthoven.  When  correction  is  made  for  transmission,  the  first 
heart  sound begins,  on  an  average,  o.131  of  a  second  before  the 
c-wave of the venous pulse,  and has an average duration of o.128 
of a  second.  The second heart sound begins a  few hundredths of 
a second before the v-wave and has a duration of o.o91 of a second. 
The third heart sound occurs shortly before or is coincident with the 
beginning of the h-wave.  It has an average duration of about o.o  3 
of a second.  Considerable variation from the average positions are 
noted  in  individual  cases.  This  is  especially true  in  the  relation 
between the second heart sound and the v-wave. J.  A.  E.  Eyster.  605 
Measurements  of  the  venous  pulse  and  heart  sound  intervals 
show  that  the  a-c,  c-v,  and  v-h  venous  pulse  intervals,  the  first  to 
second  and  the  second  to  third  heart  sound  intervals,  and  systole 
tend  to remain  fairly constant  in length  when  cardiac  cycles of dif- 
ferent  length  are  considered.  The  v-a,  h-a,  and  x-a  venous  pulse 
intervals,  the third  to first heart  sound interval,  and  diastole  tend to 
vary in length with  variations  in total  length  of the  cycle. 
Records of the venous pulse and heart  sound obtained  from dogs 
show  a  similar  relation  to  that  found  in  man.  The  main  differ- 
ence  observed  was  an  earlier  occurrence  of  the  first  heart  sound 
before  the  c-wave of the  venous pulse. 
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EXPLANATION OF  PLATE 53. 
Fro.  i.  Venous pulse and heart sounds in mare  The marks at the top of the 
record  indicate  intervals  of  one  hundredth  of a  second. 
FIG. 2.  Venous  pulse  and  heart  sounds  in  man.  Time  in  intervals  of 
one  fifth  of  a  second. 
FIG. 3.  Venous  pulse  and  heart  sounds  in  the  dog.  Time  in  intervals  of 
one  fifth  of  a  second. 
Fro.  4.  Carotid  pulse  and  heart  sounds  in  the  dog. 
Fro.  5.  The  average  relations  of  venous  pulse,  carotid  pulse,  cardiogram, 
and heart  sounds in man. 
The  venous  and  carotid  tracings  are  corrected  for  transmission. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  XIV.  PLATE  53. 
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